APPARATUS AND METHODS FOR BINDING MOLECULES AND CELLS 



CROSS-REFERENCE TO RELATED APPLICATION 

This application claims the benefit of United States Provisional Application 
No. 60/399,793, filed July 30, 2002. 

FIELD OF THE INVENTION 

The present invention relates to devices for selectively and/or locally binding cells 
or proteins to a surface, such as silicon chips that include a temperature-responsive layer 
that binds cells or proteins when heated, and to methods for measuring the interaction 
between proteins and/or living cells in vitro. 

BACKGROUND OF THE INVENTION 

The ability to bind molecules (e.g,, proteins) and living cells to a substrate is 
essential to the operation of many devices and procedures in biotechnology. For 
example, some techniques for high-throughput screening of candidate drugs use 
microchips (e.g., pieces of silicon, or glass, typically having dimensions of no more than 
a few centimeters) that include living cells attached to a microchip surface. The living 
cells are contacted with a candidate drug, and the response of the cell to the candidate 
drug is measured, thereby indicating whether the candidate drug may be effective to 
modulate a biochemiced or physiological pathway implicated in a disease state. The small 
size of the microchips permits many candidate drugs to be simultaneously screened. 

Again by way of example, immunoassays can be conducted using microchips that 
include antibody molecules attached to a microchip surface. The microchip is contacted 
with a fluid sample taken firom an animal subject {e,g., a human being), and binding of 
the cognate antigen to the antibody molecules immobilized on the microchip is measured. 
For example, unlabelled antibody A, that specifically binds to one portion of an antigen 
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called antigen A, is attached to a surface of a microchip, and the microchip is contacted 
with a fluid sample (e.g., human blood sample) that includes an unknown amount of 
antigen A, under conditions that permit binding of antigen A to immobilized antibody A. 
The fluid sample is then washed away, and the microchip is contacted with fluorescently- 
5 labelled antibody B that binds to a different portion of antigen A than does antibody A. 
The amount of fluorescent antibody B bound to antigen A is measured, thereby 
permitting calculation of the amount of antigen A bound to the microchip. The amount of 
antigen A present in the fluid sample can therefore be calculated. 

Consequently, there is a continuing need for microchips, and other devices, that 

10 selectively bind living cells, proteins, or other molecules, to one, or more, specific 
locations on a surface of the device, and methods for making such devices. Preferably, 
the devices can bind most, or all, types of living cells and/or proteins. 

SUMMARY OF THE INVENTION 
In one aspect, the present invention provides devices for binding cells or 

15 molecules, wherein each device includes (a) a body defining a first surface and a second 
surface that is located opposite to the first surface; (b) a heater disposed upon the first 
surface; and (c) a temperature-responsive layer disposed upon the second surface, 
wherein the temperature-responsive layer comprises a temperature-responsive material 
that can exist in a first state that binds molecules or living cells, and can exist in a second 

20 state that binds substantially less molecules or living cells than the first state, and wherein 
the temperature-responsive material is reversibly convertible to the first state from the 
second state in response to an effective amount of thermal energy. 

In another aspect, the present invention provides methods for binding molecules 
or living cells to a temperature-responsive material, wherein the methods each include the 

25 steps of contacting a temperatxare-responsive material with a population of molecules or a 
population of living cells, wherein: (a) the temperature-responsive material can exist in a 
first state that binds molecules or living cells, and can exist in a second state that binds 
substantially less molecules or living cells than the first state, and wherein the 
temperature-responsive material is reversibly convertible to the first state fi-om the second 

30 state in response to an effective amovint of thermal energy; and (b) the temperature- 
responsive material exists in the first state when the temperature-responsive material is 
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contacted with the population of molecules or living cells, thereby effecting binding of 
the molecules or living cells to the temperature-responsive material. 

In another aspect, the present invention provides methods for binding more than 
one type of molecule or more than one type of living cell to a temperature-responsive 
5 material, wherein the methods each include the steps of: (a) contacting a temperature- 
responsive material with a first type of molecules or a first type of living cells, wherein 
the temperature-responsive material is attached to a device body wherein the device body 
defines a first surface and a second surface that is located opposite the first surface, 
wherein a first population of heaters and a second population of heaters are disposed upon 

10 the first surface, and wherein the temperature-responsive material forms a temperature- 
responsive layer on the second surface; (b) activating the first population of heaters to 
heat a first population of temperature-responsive layer portions, located on the second 
surface opposite the first population of heaters, so that the first type of molecules or the 
first type of living cells binds to the first population of temperature-responsive layer 

15 portions, said activation occurring before or during the contacting of the temperature- 
responsive material with the first type of molecules or the first type of living cells; (c) 
removing any of the first type of molecules or the first type of living cells that are not 
bound to the first population of temperature-responsive layer portions; (d) contacting the 
temperature-responsive material with a second type of molecules or a second type of 

20 living cells; (e) activating the second population of heaters to heat a second population of 
temperature-responsive layer portions, located on the second surface opposite the second 
population of heaters, so that the second type of molecules or the second type of living 
cells binds to the second population of temperature-responsive layer portions, said 
activation occurring before or during the contacting of the temperature-responsive 

25 material vsdth the second type of molecules or the second type of living cells; and (f) 
removing any of the second type of molecules or the second type of living cells that are 
not bound to the second population of temperature-responsive layer portions. 

In another aspect, the present invention provides methods for measuring a 
response of a population of living cells to an agent, wherein the methods of this aspect of 

30 the invention each include the steps of contacting a population of living cells with an 
agent and measuring a response of the living cells to the agent. The living cells are 
attached to a temperature-responsive material that can exist in a first state that binds 
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living cells, and can exist in a second state that binds substantially less living cells than 
the first state, wherein the temperature-responsive material is reversibly convertible to the 
first state fi"om the second state in response to an effective amount of thermal energy. 
The temperature-responsive material exists in the first state while the living cells are 
5 contacted with the agent. 

In another aspect, the present invention provides methods for observing the 
binding of members of a binding pair, wherein the methods each include the steps of 
contacting a first member of a binding pair with a second member of a binding pair and 
observing the binding of the first member of the binding pair with the second member of 

10 the binding pair. The first member of the binding pair is attached to a temperature- 
responsive material that can exist in a first state that binds the first member of the binding 
pair, and can exist in a second state that binds substantially less first member of the 
binding pair than the first state, wherein the temperature-responsive material is reversibly 
convertible to the first state from the second state in response to an effective amount of 

15 thermal energy. The temperature-responsive materisd exists in the first state while the 
first member of the binding pair is contacted with the second member of the binding pair. 
BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing aspects and many of the attendant advantages of this invention will 
become more readily appreciated as the same become better understood by reference to 

20 the following detailed description, when taken in conjunction with the accompanying 
drawings, wherein: 

FIGURE 1 shows a perspective view of a representative device of the present 
invention viewed in the direction of a first surface. 

FIGURE 2 shows a perspective view of the device shown in FIGURE 1 viewed in 
25 the direction of a second surface located opposite the first surface, and showing a 
partially cut-away temperature-responsive layer. 

FIGURE 3 shows a side view of the device shown in FIGURES 1 and 2. 

FIGURE 4 shows a plan view of another representative device of the present 
invention that includes six heaters. 
30 FIGURE 5 shows a plan view of the device shown in FIGURE 4 (viewed in the 

direction of the surface opposite the surface shown in FIGURE 4). 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
In one aspect, the present invention provides devices for binding cells or 
molecules, wherein each device includes (a) a body defining a first surface and a second 
surface that is located opposite to the first surface; (b) a heater disposed upon the first 
5 surface; and (c) a temperature-responsive layer disposed upon the second surface, 
wherein the temperature-responsive layer comprises a temperature-responsive material 
that can exist in a first state that binds molecules or living cells, and can exist in a second 
state that binds substantially less molecules or living cells than the first state, and wherein 
the temperature-responsive material is reversibly convertible to the first state from the 

10 second state in response to an effective amount of thermal energy. 

The phrase "a second state that binds substantially less molecules or living cells 
than the first state" means that the second state of a temperature responsive material binds 
less than 15% of the molecules, or living cells, boimd by the first state of the same 
temperature responsive material, xmder the same binding conditions and given the sanie 

15 amount of time for binding to occur. In some embodiments, the second state of a 
temperature responsive material binds less than 10% of the molecules or living cells 
boimd by the first state of the same temperature responsive material, under the same 
binding conditions and given the same amount of time for binding to occur. In some 
embodiments, the second state of a temperature responsive material binds less than 5% of 

20 the molecules or living cells bound by the first state of the same temperature responsive 
material, under the same binding conditions and given the same amount of time for 
binding to occur. 

FIGURE 1 shows a perspective view of a representative device 10 of the present 
invention. Device 10 includes a body 12 defining a first surface 14, a second surface 16 

25 located opposite to first surface 14, a first face 18, a second face 20, a first end 22 and a 
second end 24. A heater 26 is disposed on first surface 14, and a temperature-responsive 
layer 28 is disposed on second surface 16. FIGURE 2 shows a perspective view of 
second surface 16 of device 10 with temperature-responsive layer 28 partially cut away to 
more clearly show second surface 16. Heater 26 includes heating element 30. FIGURE 3 

30 shows a side view (looking at first face 18) of representative device 10 shown in 
FIGURES 1 and 2. 
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In operation, application of an electrical current, or electrical potential, to heating 
element 30 generates heat that is transferred to a portion 32 of temperature-responsive 
layer 28 that is located opposite heater 26 (in FIGURE 3 the localized transfer of heat is 
represented by arrows extending between heater 26 and temperature-responsive layer 
5 portion 32). All of temperature-responsive layer 28 that is not heated by heater 26 is 
unheated portion 34 of temperature-responsive layer 28. 

Temperature-responsive layer 28 includes a temperature-responsive material that 
can exist in two states: a first state that binds molecules or living cells, and a second state 
that binds substantially less molecules or living cells than the first state (e.g., binds no, or 

10 almost no, molecules or living cells). The temperature-responsive material is reversibly 
convertible to the first state firom the second state in response to an effective amount of 
thermal energy. Thus, heating the temperature-responsive material to an appropriate 
temperature causes it to exist in the first state and to more effectively bind molecules or 
living cells. Typically, binding of molecules or living cells occurs in an aqueous 

15 environment. Thus, for example, to bind molecules (e,g., proteins, such as antibodies), or 
living cells, to portion 32 of temperature-responsive layer 28, portion 32 is heated so that 
temperature-responsive material exists in the first state, and portion 32 is contacted with 
an aqueous solution of the molecules, or a preparation of living cells present in an 
aqueous medium {e.g., cell culture medium). The molecules or cells preferentially bind 

20 to heated portion 32, and bind substantially less efficiently to unheated portion 34. 
Thereafter, device 10 may be washed with an aqueous solution to remove unbound cells 
or molecules. 

Some embodiments of device 10 of the invention include multiple heaters 26 
which may be ordered in an array on first surface 14. For example, FIGURE 4 shows a 

25 plan view of a representative device 10 (looking at first surface 14) that includes six 
heaters 26, identified as first heater 36, second heater 38, third heater 40, fourth heater 42, 
fifth heater 44, and sixth heater 46, arrayed on first surface 14. In embodiments of device 
10 that include a multiplicity of heaters 26, some, or all, of heaters 26 may be controlled 
independently of other heaters 26 so that some heaters 26 are heating while other heaters 

30 26 are not. Thus, these embodiments of device 10 permit some (optionally multiple) 
portions of temperature-responsive layer 28 to be heated (and so exist in a binding state), 
while other portions of temperature-responsive layer 28 are not heated (and so exist in a 
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non-binding state). These embodiments of device 10 are useful for simultaneously 
binding more than one type of molecule and/or living cell to temperature-responsive layer 
28. 

Thus, for example, FIGURE 5 shows a plan view (looking at second surface 16) 
5 of the embodiment of device 10 shown in FIGURE 4, in which a first cell type 48 
(represented by squares in FIGURE 5) is attached to a first temperature-responsive layer 
portion 50 located on second surface 16 opposite first heater 36, and to a second 
temperature-responsive layer portion 52 located on second surface 16 opposite second 
heater 38, and to a third temperature-responsive layer portion 54 located on second 

10 surface 16 opposite third heater 40. A second cell type 56 (represented by circles in 
FIGURE 5) is attached to a fourth temperature-responsive layer portion 58 located on 
second surface 16 opposite fourth heater 42, and to a fifth temperature-responsive layer 
portion 60 located on second surface 16 opposite fifth heater 44, and to a sixth 
temperature-responsive layer portion 62 located on second surface 16 opposite sixth 

15 heater 46. The embodiment of device 10 shown in FIGURES 4 and 5 therefore includes 
six, separate, temperature-responsive layer portions 50, 52, 54, 58, 60 and 62, that each 
have living cells attached to them, while no other portion of temperature-responsive layer 
28 has living cells attached to it (or living cells are attached in an amount, and at a 
density, substantially lower than is found on temperature-responsive layer portions 50, 

20 52, 54, 58, 60 and 62). Thus, temperature-responsive layer portion 64 (represented by 
stippling in FIGURE 5) encompasses all of temperature-responsive layer 28 except for 
temperature-responsive layer portions 50, 52, 54, 58, 60 and 62, and either has no living 
cells attached to it, or living cells are attached to temperature-responsive layer portion 64 
in an amount, and at a density, substantially lower than is found on temperature- 

25 responsive layer portions 50, 52, 54, 58, 60 and 62. 

The embodiment of device 10 shown in FIGURE 5 can be made, for example, by 
activating first heater 36, second heater 38, and third heater 40, so that first temperature- 
responsive layer portion 50, second temperature-responsive layer portion 52, and third 
temperature-responsive layer portion 54 are heated and exist in a first (binding) state, 

30 while the remainder of temperature-responsive layer 28 remains in a second (non- 
binding) state. Temperature-responsive layer 28 is contacted with an aqueous medium 
that includes first cell type 48 which binds to heated portions 50, 52 and 54. First cell 
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type 48 does not bind to any other portion of temperature-responsive layer 28 except for 
heated portions 50, 52 and 54; or, if ceil type 48 does bind to another portion of 
temperature-responsive layer 28, in addition to heated portions 50, 52 and 54, binding is 
substantially less efficient than to heated portions 50, 52 and 54. 
5 After first cell type 48 has bound to heated portions 50, 52 and 54 of temperature- 

responsive layer 28, aqueous medium that includes first cell type 48 is removed, and 
fourth heater 42, fifth heater 44, and sixth heater 46 are activated, so that fourth 
temperature-responsive layer portion 58, fifth temperature-responsive layer portion 60, 
and sixth temperature-responsive layer portion 62 are heated and exist in a first (binding) 

10 state. Portions 50, 52 and 54 of temperature-responsive layer 28 also continue to be 
heated to prevent first cell t3^e 48 from detaching therefrom. Temperature-responsive 
layer 28 is then contacted with an aqueous medivun that includes second cell type 56 
which preferentially bind to heated portions 58, 60 and 62. Heated portions 50, 52 and 54 
of temperature-responsive layer 28 are saturated with first cell type 48, and so bind little, 

15 if any, second cell type 56. All xmheated portions of temperature-responsive layer 28 
exist in a second (non-binding) state, and so bind few, if any, second cell type 56. 
Temperature-responsive layer 28 is then washed to remove unbound second cell type 56. 

Thus, in some embodiments, device 10 includes molecules (such as proteins) or 
one or more living cell(s) bound to one, or more, portions of temperature-responsive layer 

20 28, but not to the entire surface of temperature-responsive layer 28. Some embodiments 
of device 10 include several portions of temperature-responsive layer 28 that each have a 
single living cell bound thereto. The same type of living cell may be bound to each of the 
different portions of temperature-responsive layer 28, or a different type of living cell 
may be bound to some, or all, of the different portions of temperature-responsive layer 

25 28. 

Examples of types of cells that can be attached to one or more portions of 
temperature responsive layer 28 include granulocytes, chondrocytes, endothelial cells, 
neural cells, hepatocytes, fibroblasts, epithelial cells, monocytes, polymorphonuclear 
leukocytes, microglia, cardiac myocj^es, keratinocyte, primary bovine aortic smooth 
30 muscle cells and human embryonic kidney cells. 

Examples of molecules that can be attached to one or more portions of 
temperature responsive layer 28 include proteins, such as antibodies, enzymes and 
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receptors. In the context of the present patent application, the term "antibody" includes, 
but is not limited to, polyclonal and monoclonal antibody preparations, CDR-grafted 
antibody preparations, as well as preparations including hybrid antibodies, altered 
antibodies, F(AB) 2 fragments, F(AB) molecules, Fv fragments, single domain antibodies, 

5 chimeric antibodies and functional fragments thereof which exhibit immxmological 
binding properties of the parent antibody molecule. 

The following description of the elements of devices 10 of the present invention is 
made with reference to the embodiment of device 10 shown in FIGURES 1, 2 and 3, but 
applies to all embodiments of device 10, such as the embodiment shown in FIGURES 4 

10 and 5, that include the described elements. Device body 12 can be made from any 
electrical or thermal insulator material, such as a plastic or mineral that possesses 
electrical and thermal insulating properties that prevents most, preferably all, of the heat 
generated by heater 26 from heating any portion of temperature-responsive layer 28, 
except portion 32 on second surface 16 opposite heater 26. Representative examples of 

15 materials useful for making body 12 include glass, silicon, mica, quartz, sapphire, silicon 
nitride membrane, silicon dioxide membrane, polytetrafluoroethylene (sold by DuPont 
under the tradename Teflon®), and poly(ethyleneterephthalate) (sold by DuPont under 
the tradename Mylar®). Device body 12 can have any desired size and shape. For 
example, device body 12 can be square, rectangular or circular. 

20 The length, width, and height of a rectangular or square device body 12 may each 

be, for example, from 1 to 1 0 millimeters, or, for example, from 1 to 1 0 centimeters. The 
maximum width of device body 12 (whether device body 12 is a regular or irregular 
geometric shape) may be, for example, from 1 to 10 millimeters, or, for example, from 1 
to 10 centimeters. The height may be, for example, from 1 to 100 micrometers. Body 12 

25 may have a thickness, for example, in the range of from 0.0001 mm to 2 mm. 

Heaters 26 useful in the practice of the invention produce sufficient heat to cause 
temperature-responsive layer 28 to change from a first (binding) state to a second (non- 
binding) state. In embodiments of device 10 that include multiple heaters 26, heaters 26 
are disposed on first surface 14 so that there is sufficient distance between adjacent 

30 heaters 26 to prevent heat from one heater 26 from spreading to an adjacent heater 26 
under normal operating conditions. Embodiments of device 10 that include multiple 
heaters 26 may include, for example, 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 heaters 26, or may 
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include, for example, between 10 and 50 heaters 26, or may include, for example, 
between 10 and 100 heaters 26. Multiple heaters 26 may be arranged in any pattern, 
including regular geometric shapes (e.g., rectangular or square arrays), or any irregular 
pattern. 

5 Heater 26 includes heating element 30, which may be a narrow, thin, film made 

from metal {see, e.g., K. Henning, etal., In Proc. International Solid State Sensors and 
Actuators Conference, pp. 825-828 (1997)), or polysilicon (^ee, e.g., S.W. Janson, Batch- 
Fabricated Resistojets: Initial Results, In Intemational Electric Propulsion Conference. 
Cleveland, OH, USA IEPC-97-070, (1997)) as a resistor to generate heat over a defined 

10 surface area. An electrical current or voltage is applied to heating element 30 to generate 
heat in accordance with Joule's law. 

Heater 26 may be directly deposited onto body 12 which can be, for example, 
silicon wafer, a glass slide, micEi, quartz or plastic. In some cases heater 26 is suspended 
on a thin membrane (e.g., silicon nitride) in order to minimize conductive heat losses 

15 (5ee, e.g., S.W. Janson, Batch-Fabricated Resistojets: Initial Results, In Intemational 
Electric Propulsion Conference. Cleveland, OH, USA IEPC-97-070, (1997)). Heater 26 
may be driven by an electric current via a current source, or electric voltage via a voltage 
source (^ee, e.g., Chen, J. K. and Wise, K. D., "A Silicon Probe with Integrated 
Microheaters for Thermal Marking and Monitoring of Neural Tissue," IEEE Trans. 

20 Biomed. Eng, 44\11Q'11A (1997)). Temperature sensors may be included on body 12 to 
monitor the temperature, and heater 26 may be used as a temperature sensor (^ee, e.g., 
Baroncini, M., etal.. Characterization of an embedded micro-heater for gas sensors 
applications VLSI Technology, Systems, and Applications, 2001. Proceedings of 
Technical Papers. 2001 Intemational Symposium on 18-20 April 2001 Page(s): 164 -167; 

25 P. Ruther, etal.. Dependence of the Temperature Distribution in Micro Hotplates on 
Heater Geometry and Heating Mode, Proc. Transducers '03, p. 73-76, (2003)). 

Heater 26 may be made, for example, by metal deposition and patterning. Metal 
deposition methods include thermal evaporation deposition, sputtering, thermal spray 
coating, chemical vapor deposition (CVD), electroplating, or other electroless metal 

30 plating. Patterning methods include photolithography, soft lithography, and electron 
beam lithography. Etching methods include wet etching, plasma etching, ion milling, 
reactive ion etching, laser etching and liftoff. Other electrically conductive materials, 
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such as poly-silicon, can also be used to make heater 26. Representative methods for 
making heaters 26 are described, for example, in Gregory T.A. Kovacs, Micromachined 
Transducers Soucebook, WCB/McGraw-Hill, 1998; and in Stephen A. Campbell, The 
Science and Engineering of Microelectronic Fabrication, Oxford University Press, 1996. 
5 With the development of nanotechnology, it is also possible to grow nanowires for use as 
heating element 30 which greatly reduces the size of heater 26 [seey e.g., S. Matsui, 
Three-Dimensional Nanostructure Fabrication by Focused-Ion-Beam Chemical Vapor 
Deposition, Proc. Transducers '03, p. 179-181 (2003)]. 

Micro inductor arrays can also be used as heater 26 in the practice of the present 

10 invention (see, e.g., Jae Y. Park and Mark G, Allen, "High Current Integrated 
Microinductors and Microtransformers using Low Temperature Fabrication Processes", 
29th International Symposium on Microelectronics, Minneapolis, MN, Oct., 1996). 

Heater 26 can also use chemical reactions to generate heat. Microwell arrays 
integrated with micro fluid channels can deliver chemicals to a specific site. Micro fluid 

15 channels can be fabricated on various substrates, such as silicon, glass, mica, or plastic. 
Chemical transportation can be achieved, for example, by built-in or external pumps. 
Fluid channels can dispose of waste and import new chemicals. 

Temperature-responsive layer 28 is made from any temperature-responsive 
material, or mixture or blend of temperature-responsive materials, that can exist in a first 

20 state that binds molecules or living cells, and that can exist in a second state that binds 
substantially less molecules or living cells than the first state, and wherein temperature- 
responsive layer 28 is reversibly convertible to the first state from the second state in 
response to an effective amount of thermal energy. Temperature-responsive layer 28 may 
be, for example, only a single layer of molecules of temperature responsive material. 

25 Conversion of temperature-responsive layer 28 to the first (binding) state from the second 
(non-binding) state occurs at a temperatxire above the lower critical solution temperature 
(LCST) of the temperature-responsive material used to make temperature-responsive 
layer 28. Conversion of temperature-responsive layer 28 to the second (non-binding) 
state from the first (binding) state occurs at a temperature below the lower critical 

30 solution temperature of the temperature-responsive material used to make temperature- 
responsive layer 28. Thus, heating temperature-responsive layer 28 above the LCST of 
the temperature-responsive material from which temperature-responsive layer 28 is made 
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causes temperature-responsive layer 28 to exist in a first (binding) state that preferentially 
binds molecules and/or living cells. While not wishing to be bound by theory, the 
enhanced ability of the temperature-responsive materials of the present invention to bind 
cells and/or molecules above their LCST may be due to a change in conformation of the 
5 molecules in the temperature-responsive materials that exposes more chemical groups 
(e.g., NH and C=0) that can form hydrogen bonds with molecules and/or cells in an 
aqueous environment. 

For example, poly (N-isopropylacrylamide) (abbreviated as pNIPAM) is useful 
for making temperature-responsive layer 28 and has an LCST of 3 PC. Above 31°C 

10 pNIPAM exists in a binding state that binds molecules and living cells; whereas below 
31°C pNIPAM exists in a non-binding state that binds molecules and living cells 
substantially less efficiently than the binding state. 

Temperature-responsive layer 28 is typically, although not necessarily, made from 
a material that possesses a critical solution temperature (LCST) below in an 

15 aqueous environment. The following materials are representative examples of materials 
usefiil for making temperature-responsive layer 28 (the temperature in parentheses after 
the name of the material is the LCST for the material, and the citation(s) that follow the 
name of each material provides a description of that material, or class of materials): 
homopolymers and copolymers of poly-N-alkyl-substituted acrylamides such as 

20 poly(MA^-dimethylacrylamide) (33°C) (Idziak, I., et al., Macromolecules J2(4):1260- 
1263, 1999), poly(ethylacrylamide)(15°C)(Park, S.Y., et al., European Polymer Journal 
5 7(9): 1785- 1790, 2001), poly(N-ethylmethacrylamide) (Bohdanecky, M., et al.. 
Collection of Czechoslovak Chemical Communications, J5(10):2370-2382, 1993), 
poly[N-(3-ethoxypropyl)acrylamide] (24.5°C) (Terada, T., et al., Macromolecular 

25 Chemistry and Physics 7P5(9):3261-3270, 1994), poly[A^-(2- 
hydroxypropyl)methacrylamide] (16-20°C) (Sugiyama, K., et al.. Journal of Applied 
Polymer Science «2(l):228-236, 2001), poly(N-vinylisobutyramide) (39°C) (Kunugi, S., 
et al.. Polymer Journal 5¥(5):383-388, 2002) and poly(N-vinylacetamide) (25^C) (Hong, 
J.S., et al.. Colloid and Polymer Science 27<11):1013-1019, 1996). 

30 Other materials useful for making temperature-responsive layer 28 include 

copolymers and derivatives of methylene oxide (Benkhira, A., et al.. Polymer 
¥i(20):74 15-7425, 2000), polyethylene oxide and propylene oxide (SO-SO^'C) (Persson, J., 
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A. Kaul, and F. Tjemeld, Journal of Chromatography B 7¥5(1-2):1 15-126, 2000), such as 
copolymers of methoxy poly(ethylene glycol) and poly(propylene fumarate) and vinyl 
ethers of ethylene glycol (20-90**C) (Kudaibergenov, S,E., et al., Macromolecular Rapid 
Communications 76(1 1):855-860, 1995). Cellulose and derivatives, such as 
5 hydroxypropylcellulose (Hirsch, S.G. and R.J. Spontak, Polymer ^5(1):123-129, 2002), 
ethyl hydroxyethyl cellulose (Badiger, M.V., A. Lutz, and B.A. Wolf, Polymer 
^i(4):1377-1384, 2000), and methyl cellulose (29°C) (Takahashi, M., M. Shimazaki, and 
J. Yamamoto, Journal of Polymer Science Part B-Polymer Physics JP(1):91-100, 2001) 
can also be used to make temperature-responsive layer. Polyethers such as poly(vinyl 
10 methyl ether) (33X) (Takada, M., et al., Kobunshi Ronbunshu J7(ll):689-693, 1994), 
butyl vinyl ether (20-90°C) (Kudaibergenov, S.E., et al., Macromolecular Rapid 
Communications 7d(ll):855-860, 1995) and polyglycidol (4-100**C) (Dworak, A., et aL, 
Polymer Bulletin 50(l-2):47-54, 2003) can also be used to make temperature-responsive 
layer 28. 

15 Other materials useful for making temperature-responsive layer 28 include 

polyesters, such as acryloyl-L-proline methyl ester (10-18''C) (Hiroki, A., et aL, Journal 
of Polymer Science Part A-Polymer Chemistry 5(5(10): 1495-1500, 1998), poly(N- 
acryloylamino amide)(3-35°C) derivatives (Dobashi, A., K. Kurata, and M. Senoo, 
Analytical Sciences 75(8):829-835, 2000), vinyl pyrrolidone and vinyl acetate 

20 copolymers (Zhong, Y.Z. and P. Wolf, Journal of Applied Polymer Science 74(2):345- 
352, 1999), copolymer of N-acryloyl-N'-alkyl piperazine and methyl methacrylate (22- 
42''C) (Gan, L.H., et al.. Polymer 42(l):65-69, 2001), homopolymer and copolymer of 
polyacrylate such as poly(methyl 2-propionamidoacrylate) (Okamura, H., et al.. Polymer 
4i(13):3825-3828, 2002), poly(ethylene oxide)-modified poly(acrylic acid)(20-60°C) 

25 (Dom, I., et al., Langmuir 7^:4386-4842, 1998) and poly(aciylic acid) (PAAc) and 
poly(acrylamide-co-butyl methacrylate) (10-30°C) (Katono, H., et al.. Journal of 
Controlled Release leil-iyilS-lll, 1991). Additionally, by way of example, 
poly(organophosphazenes) (37-75**C) (Lee, B.H., et al., Macromolecules 55(10):3876- 
3879, 2002), Poly(2-ethyl-2-oxazoline) (PEtOx) (Christova, D., et al., Polymer 

30 ^^(8):2255-2261, 2003), Gelatin (Aso, ¥., et al.. Radiation Physics and Chemistry 
J5(2):179-183, 1999), poly(N-vinylcaprolactam) (33°C) (Loos, W., et al., 
Macromolecular Chemistry and Physics 20¥(1):98-103, 2003), elastin and elastin 
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mimetic polypeptide (33-35^C) (Wright, E.R. and V.P. Conticello, Advanced Drug 
Delivery Reviews J<8): 1057-1 073, 2002), 2,4,6-trimethylpyridine (5.5°C) (Marczak, W. 
and A. Banas, Fluid Phase Equilibria 755(1-2):151-164, 2001) and poly(N- 
vinylpyrroiidone) (32.5''C) (Maeda, Y., T. Nakamura, and I. Ikeda, Macromolecules 
5 55(l):217-222, 2002) can also be used to make temperature-responsive layer 28. 

In another aspect, the present invention provides methods for binding molecules 
or living cells (or a single living ceil) to a temperature-responsive material, wherein the 
methods each include the step of contacting a temperature-responsive material with a 
population of molecules or a population of living cells (or a single living cell), wherein: 

10 (a) the temperature-responsive material can exist in a first state that binds molecules or 
living cells, and can exist in a second state that binds substantially less molecules or 
living cells than the first state, and wherein the temperature-responsive materigd is 
reversibly convertible to the first state from the second state in response to an effective 
amount of thermal energy; and (b) the temperature-responsive material exists in the first 

15 state when the temperature-responsive material is contacted with the population of 
molecules or living cells (or the single living cell), thereby effecting binding of the 
molecules or living cell(s) to the temperature-responsive material. 

In some embodiments of the methods of this aspect of the present invention, the 
temperature-responsive material forms a layer on a surface of a device body. In some 

20 embodiments, the device body defines a first surface and a second surface that is located 
opposite the first surface, wherein a heater is disposed upon the first surface, the 
temperature-responsive material forms a layer on the second siirface, and the heater heats 
the temperature-responsive material so that the temperature-responsive material exists in 
the first state and binds the molecules or living cells. 

25 In other embodiments of the methods of this aspect of the present invention, more 

than one type of molecule or more than one type of living cell is bound to a temperature- 
responsive material. These method include the steps of: (a) contacting a temperature- 
responsive material with a first type of molecules or a first type of living cell(s), wherein 
the temperature-responsive material is attached to a device body wherein the device body 

30 defines a first surface and a second surface that is located opposite the first surface, 
wherein a first population of heaters and a second population of heaters are disposed upon 
the first surface, and wherein the temperature-responsive material forms a temperature- 
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responsive layer on the second surface; (b) activating the first population of heaters to 
heat a first population of temperature-responsive layer portions, located on the second 
surface opposite the first population of heaters, so that the first type of molecules, or the 
first type of living cell(s), binds to the first population of temperature-responsive layer 
5 portions, said activation occurring before or during the contacting of the temperature- 
responsive material with the first type of molecules or the first type of living cell(s); (c) 
removing any of the first type of molecules, or the first type of living cell(s), that are not 
bound to the first population of temperature-responsive layer portions; (d) contacting the 
temperature-responsive material with a second type of molecules or a second type of 

10 living cell(s); (e) activating the second popvdation of heaters to heat a second population 
of temperature-responsive layer portions, located on the second surface opposite the 
second population of heaters, so that the second type of molecules, or the second type of 
living cell(s), binds to the second population of temperature-responsive layer portions, 
said activation occurring before or during the contacting of the temperature-responsive 

15 material with the second type of molecules or the second type of living cell(s); and (f) 
removing any of the second type of molecules, or the second type of living cell(s), that 
are not boimd to the second population of temperature-responsive layer portions. In 
embodiments of these methods, wherein a first type of living cell(s) is bovind to the first 
population of temperature-responsive layer portions, and a second type of living cell(s) is 

20 bound to the second population of temperature-responsive layer portions, the first 
population of heaters tj^^ically remains activated while the second population of heaters 
are activated, so that the first type of living cell(s) do not detach from the first population 
of temperature-responsive layer portions while the second type of living cell(s) is/are 
being bound to the second population of temperature-responsive layer portions. 

25 Temperature-responsive materials usefiil in construction of device 10 of the 

present invention are also usefiil in the practice of the methods for binding molecules or 
living cells to a temperature-responsive material. 

Molecules that can be bound to a temperature-responsive material include 
proteins, such as antibodies. Any type of living cell can be boimd to a temperature- 

30 responsive material, including the representative cell types disclosed, supra^ in 
connection with device 10 of the invention. 
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Devices 10 of the present invention are useful in the practice of the methods of the 
present invention for binding molecules or living cells to a temperature-responsive 
material (e.g., with reference to device 10 shown in FIGURES 1, 2 and 3, heater 26 heats 
portion 32 of temperature-responsive layer 28 so that portion 32 exists in a first (binding) 
5 state and binds molecules or living cells). It is not necessary, however, to use devices 10 
to practice all embodiments of the methods of the present invention for binding molecules 
or living cells to a temperature-responsive material. For example, a layer of temperature- 
responsive material may be formed on a substrate (e.g., a silicon chip), and all, or a 
portion, of the layer of temperature-responsive material is heated by any useful means, so 

10 that the heated material exists in a first (binding) state and binds molecules or living cells. 
For example, all, or a portion, of the layer of temperature-responsive material can be 
heated by a direct, or indirect, contact with a heater that includes a heating element that 
produces heat in response to an electrical current, or potential difference, in accordance 
with Joule's law, or, for example, heat may be applied by an optical device such as a laser 

1 5 beam, or by direct, or indirect, contact with a hot chemical. 

Devices 10 and methods for binding molecules or living cells to a temperature- 
responsive materieil can be used, for example, to study the interactions between living 
cells, and/or between living cells and their environment. Thus, for example, devices 10 
of the present invention can be used to study the interaction of first cell type 48 with 

20 second cell type 56 in an aqueous environment (e.g., study the physiological response of 
first cell type 48 to soluble biological molecules released by second cell type 56). For 
example, first cell type 48 may be attached to first portion 50 of temperature-responsive 
layer 28 of device 10 shown in FIGURE 5, and second cell type 56 may be attached to 
second portion 52 of temperature-responsive layer 28 of device 10 shown in FIGURE 5. 

25 The distance between first portion 50 and second portion 52 is determined by the distance 
between first heater 36 and second heater 38. First cell type 48 and second cell type 56 
are each completely, or partially, immersed in an aqueous medium. One or more 
physiological responses of first cell type 48 to soluble biological molecules released by 
second cell type 56 can be studied (e.g.^ by measuring the uptake or release of measurably 

30 labeled chemicals by first cell type 48). 

Again by way of example, different cell types can be attached to different portions 
of temperature-responsive layer 28, and each cell type can be exposed to the same 
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environmental stimulus, and the response of each cell type to the stimulus can be 
determined and compared. 

Again by way of example, devices 10 of the present invention can be used to 
culture different cell types in physical proximity to each other in vitro. For example, cell 
5 interaction between liver cells and fibroblasts has been reported to modulate liver cell 
growth, migration, and/or differentiation in both the developing and adult liver in vivo. 
Cocultivation of these two types of cells, in vitro, on devices 10 of the present invention 
can be used to preserve and modulate hepatocyte phenotype and function for growing 
bioactive liver tissue in vitro, 

10 Again by way of example, cell-based drug screening can be performed by 

attaching one, or more, types of cells to temperature-responsive layer 28 of device 10 of 
the present invention. The attached cells are then contacted with a candidate drug, and 
the response to the candidate drug is determined and compared to control cells that were 
not contacted with the candidate dmg {e.g., the control cells may be attached to a 

15 different, but otherwise identical, device 10 as the cells that are contacted with the drug). 
Candidate drugs that elicit a desired response in the cells can be further evaluated for 
their suitability as drugs for administration to humans or other mammals {see, generally.. 
Bailey, S.N., R.Z. Wu, and D.M. Sabatini, "Applications of transfected cell microarrays 
in high-throughput drug discovery," Drug Discovery Today 7(18):S1 13-Sl 18, 2002). 

20 Again by way of example, antibody molecules can be attached to temperature- 

responsive layer 28. For example, to identify an antigen that binds to a specific antibody 
(or vice versa) different antibodies can be attached to different portions of temperature- 
responsive layer 28 on device 10 {e.g., different antibodies can be attached to portions 50, 
52, 54, 58, 60 and 62 of the embodiment of device 10 shown in FIGURE 5), Device 10 is 

25 then contacted with one or more labeled antigens {e.g., fluorescently labeled antigens). 
Binding of an antigen to a specific antibody can be visuedized, for example, with 
fluorescence microscopy, thereby identifying the binding antigen. 

Similarly, one or more candidate antigens can be attached to different portions of 
temperature-responsive layer 28 (e.g., different antigens can be attached to portions 50, 

30 52, 54, 58, 60 and 62 of the embodiment of device 10 shown in FIGURE 5), and then 
temperature-responsive layer 28 is contacted >yith one or more labeled antibodies 
(different antibodies bear a different label if a mixture of antibodies is used). Binding of 
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an antibody to a specific antigen can be visualized, for example, with fluorescence or 
light microscopy, thereby identifying the antibody that binds to a particular antigen. 

Again by way of example, devices 10 can be used to conduct multiple 
immunoassays simultaneously. Thus, for example, with reference to the embodiment of 
5 device 10 shown in FIGURE 5, six different, unlabelled, antibodies, each having a known 
specificity for a specific protein or metabolite occurring in human blood, are attached to 
portions 50, 52, 54, 58, 60 and 62 of temperature-responsive layer 28. The first antibody 
is attached to first portion 50, the second antibody is attached to second portion 52, the 
third antibody is attached to third portion 54, the fourth antibody is attached to fourth 

10 portion 58, the fifth antibody is attached to fifth portion 60, and the sixth antibody is 
attached to sixth portion 62. Temperature-responsive layer 28 is contacted with a sample 
of human blood under conditions that permit the binding of antigens to the antibodies. 
The blood sample is washed away, and temperature-responsive layer 28 is contacted with 
a solution containing fluorescently-labeled first, second, third, fourth, fifth and sixth 

15 antibodies (that recognize a different portion of the antigen recognized by unlabelled first, 
second, third, fourth, fifth and sixth antibodies, respectively), wherein the six different 
antibodies are each labeled with a different fluorescent compound, and the fluorescence 
produced by each of the six different fluorescent compounds can be distinguished firom 
the fluorescence produced by each of the other five fluorescent compounds. The 

20 fluorescence produced by each of the six labeled antibodies is measured and the resulting 
values used to calculate the amount of each of the six antigens present in the blood 
sample. 

Again by way of example, the present invention can be used to identify proteases 
and/or kinases that have substrate specificities that make them attractive candidates as 

25 drug targets. For example, one or more candidate proteases and/or kinases are attached to 
temperature-responsive layer 28 of device 10. Temperature-responsive layer 28 is then 
contacted with a fluorogenic or colorimetric substrate. A fluorescent or color signal is 
produced when the substrate is acted upon (e.g., cleaved or otherwise chemically 
converted) by a protease and/or kinase, thereby identifying a protease and/or kinase 

30 which utilizes the labeled molecule as a substrate. 

Again by way of example, the present invention can be used to characterize the 
effect(s) on living cells caused by specific proteins (e.g., proteins that are suspected of 
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causing a disease state). Thus, for example, protein molecules are attached to 
temperature-responsive layer 28 of device 10, and living cells are thereafter cultured on 
temperature-responsive layer 28. The growth, development, physiology and/or 
biochemistry of the cultured cells is then analyzed to identify any effect thereon caused 
5 by the protein molecules. 

Thus, in another aspect, the present invention provides methods for measuring a 
response of a population of living cells (or a single living cell) to an agent, wherein each 
of the methods includes the steps of contacting a population of living cells (or a single 
living cell) with an agent and measuring a response of the living cell(s) to the agent. The 

10 living cell(s) is/are attached to a temperature-responsive material that can exist in a first 
state that binds living cells, and can exist in a second state that binds substantially less 
living cells than the first state, wherein the temperature-responsive material is reversibly 
convertible to the first state from the second state in response to an effective amount of 
thermal energy. The temperature-responsive material exists in the first state while the 

15 living cell(s) is/are contacted with the agent. 

The agent can be any physical or energetic agent that elicits a response from 
living cells. For example, the agent can be a chemical molecule (e.g., proteins, nucleic 
acids), or an energetic stimulus, such as ionizing radiation. The living cells can be any 
living cells (e.g., mammalian cells, such as the representative mammalian cells disclosed 

20 supra). Examples of useful temperature-responsive materials are provided herein in 
connection with devices 10 of the invention. Typically, the living cells are completely, or 
partially, covered with an aqueous medium (e.g., cell culture medium) which provides 
moisture and nourishment to the cells. A soluble agent (e.g., some candidate drug 
molecules) can be dissolved in the aqueous medium, thereby contacting the living cells. 

25 A response of the living cell(s) to the agent can be measured by any useful means, 

and the choice of measuring methods and devices depends, to a large extent, on the nature 
of the response. Representative examples of cell responses that can be meeisured using 
the methods of this aspect of the present invention include change in cell morphology, 
adhesiveness to a substrate, viability, migration, growth, multiplication, ability to uptake 

30 or secrete molecules (as a measure of the function of cell membrane channels and 
transport proteins), protein expression level in the cells, expression of DNA molecules 
introduced into the cells, and cell electrical impedance signature. 
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In some embodiments, the temperature-responsive material forms a layer on a 
surface of a device body. In some embodiments, the device body defines a first surface 
and a second surface that is located opposite the first surface, wherein a heater is disposed 
upon the first surface, and the temperature-responsive material forms a layer on the 
5 second surface. Thus, devices 10 of the present invention can be used in the practice of 
the methods of the invention for measuring a response of a population of living cells to an 
agent (e.g., living cells may be bound to temperature-responsive layer portion 32 of 
device 10 shown in FIGURES 1-3, and temperature-responsive layer portion 32 may then 
be contacted with an agent, and the response of the cells to the agent is measured). 

10 In some embodiments, a multiplicity of different cell types are attached to the 

temperature-responsive material and are each contacted with the agent, wherein each 
different cell type is attached to a different portion of the temperature-responsive 
material. Thus, in those embodiments in which the temperature-responsive material 
forms a layer on a device surface, a multiplicity of different cell t5^es can be attached to 
^15 temperature-responsive layer 28, and they are each contacted with the agent. Each 
different cell type is attached to a different portion of temperature-responsive layer 28. 
For example, with reference to the embodiment of device 10 shown in FIGURES 4 and 5, 
six different cell types can be separately attached to first portion 50, second portion 52, 
third portion 54, fourth portion 58, fifth portion 60 and sixth portion 62 of temperature- 

20 responsive layer 28. 

In a further aspect, the present invention provides methods for observing the 
binding of members of a binding pair, wherein the methods each include the steps of 
contacting a first member of a binding pair with a second member of a binding pair and 
observing the binding of the first member of the binding pair with the second member of 

25 the binding pair. In these methods the first member of the binding pair is attached to a 
temperature-responsive material that can exist in a first state that binds the first member 
of the binding pair, and can exist in a second state that binds substantially less of the first 
member of the binding pair than the first state. The temperature-responsive material is 
reversibly convertible to the first state from the second state in response to an effective 

30 amount of thermal energy, and the temperature-responsive material exists in the first state 
while the first member of the binding pair is contacted with the second member of the 
binding pair. 
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Members of binding pairs are molecules and/or living cells. Representative 
examples of binding pairs include an antibody and the antigen that is recognized and 
bound by the antibody (the antigen may itself be bound to a cell); an enzyme and its 
substrate (although it is understood that an enzyme may bind its substrate for a very short 
5 period of time); a receptor and its ligand; a cell-adhesive protein and a cell; and 
complementary nucleic acid molecules. 

One member of a binding pair is attached to the temperature-responsive material. 
Either member of a binding pair can be attached to the temperature-responsive material. 
For example, if the binding pair is an antibody and the antigen that is recognized and 

10 bound by the antibody, either the antibody or the antigen can be attached to the 
temperature-responsive material, while the other member of the binding pair is not 
attached to the temperature-responsive material. 

Examples of usefvd temperature-responsive materials are provided herein in 
connection with devices 10 of the invention. Binding of the first member of the binding 

1 5 pair with the second member of the binding pair can be observed by any useful means. 
For example, when the binding pair is an antibody and its antigen, and the antibody is 
attached to the temperature-responsive material, the antigen is typically labelled with a 
chemical moiety that produces a measurable signal so that binding of the antigen by the 
antibody can be observed. Examples of labels include fluorescent materials. Again by 

20 way of example, when the binding pair is an enzyme and its substrate, and the enzyme is 
attached to the temperature-responsive material, binding of the substrate by the enzyme 
can be observed by means of the formation of a colored product that is produced from the 
substrate by the enzyme. For example, Amplex Red reagent (from Molecular Probes, PO 
Box 22010, Eugene, OR 97402-0469) is a fluorogenic substrate for the enzyme 

25 horseradish peroxidase. In the presence of horseradish peroxidase, the Amplex Red 
reagent reacts with a 1 : 1 stoichiometry with H2O2 to produce highly fluorescent resorufin. 

In some embodiments, the temperature-responsive material forms a layer on a 
surface of a device body. In some embodiments, the device body defines a first surface 
and a second surface that is located opposite the first surface, wherein a heater is disposed 

30 upon the first surface, and the temperature-responsive material forms a layer on the 
second sxirface. Thus, devices 10 of the present invention can be used in the practice of 
the methods of the invention for observing the binding of members of a binding pair (e.g. , 



UWOTL\21535AP.DOC 



-21- 



a first member of a binding pair may be bound to temperature-responsive layer portion 32 
of device 10 shown in FIGURES 1-3, and temperature-responsive layer portion 32 may 
then be contacted with the second member of the binding pair, and the binding of the 
members of the binding pair is observed). 
5 In some embodiments, a multiplicity of different first members of a multiplicity of 

different binding pairs are attached to the temperature-responsive material and are 
contacted with a multiplicity of different second members of the multiplicity of different 
binding pairs, wherein each different first member of the multiplicity of different binding 
pairs is attached to a different portion of the temperature-responsive material. Thus, in 

10 those embodiments in which the temperature-responsive material forms a layer on a 
device surface, a multiplicity of different first members of a multiplicity of different 
binding pairs can be attached to temperature-responsive layer 28, and they are each 
contacted with a multiplicity of different second members of the multiplicity of different 
binding pairs. Each different first member of the multiplicity of different binding pairs is 

15 attached to a different portion of temperature-responsive layer 28. For example, with 
reference to the embodiment of device 10 shown in FIGURES 4 and 5, six different 
antibodies can be separately attached to first portion 50, second portion 52, third portion 
54, fourth portion 58, fifth portion 60 and sixth portion 62 of temperature-responsive 
layer 28 (e.g., a first antibody is attached to first portion 50, a second antibody is attached 

20 to second portion 52, a third antibody is attached to third portion 54, a fourth antibody is 
attached to fourth portion 58, a fifth antibody is attached to fifth portion 60, and a sixth 
antibody is attached to sixth portion 62). Temperature-responsive layer 28 is then 
contacted with an aqueous solution including a first antigen recognized by the first 
antibody, a second antigen recognized by the second antibody, a third antigen recognized 

25 by the third antibody, a fourth antigen recognized by the fourth antibody, a fifth antigen 
recognized by the fifth antibody, and a sixth antigen recognized by the sixth antibody, 
wherein each of the antigens is labelled with a different fluorescent molecule that 
produces fluorescence that is distinguishable from the fluorescence produced by the other 
fluorescent molecules. Binding of the antigens to their respective antibodies is then 

30 observed. 

The methods of this aspect of the invention are useful, for example, for 
performing immunoassays to observe, and optionally quantify, the binding of antibodies 
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to their corresponding antigens in a fluid or tissue sample removed from a manunalian 
body (e.g., a human blood sample). The methods of this aspect of the invention are also 
useful, for example, for identifying novel substrates that are bound by a specific enzyme, 
or for identifying novel ligands that are bound by a specific receptor molecule. 
5 The following examples merely illustrate the best mode now contemplated for 

practicing the invention, but should not be construed to limit the invention. All literatvire 
citations herein are expressly incorporated by reference. 

EXAMPLE 1 

This Example describes a representative method for making device 10 of the 

1 0 present invention. 

In overview, the fabrication method uses a liftoff process for patterning metal 
films. A thin layer of photosensitive material (photoresist) was spun on a glass coverslip 
and patterned by photolithography. A thin metal film W2is then deposited using a thermal 
evaporation method. The glass coverslip was then soaked in acetone which dissolves the 

15 photoresist. The metal that was deposited directly on the glass coverslip remains, while 
the metal deposited on the photoresist detaches from the glass coverslip as the photoresist 
dissolves in the developing solution. This leaves the pattemed metal layer that forms the 
heating elements, on the glass coverslip. 

In detail, an initial cleaning procedure was performed to prepare a substrate for 

20 photolithography. The substrate, in this case a glass coverslip (VMR, Catalogue 
No. 48393 252) having dimensions of 24 X 60 mm, with a thickness of 0.18 mm, was 
soaked in acetone and ultrasonically agitated for ten minutes in the acetone. The glass 
coverslip was rinsed with isopropyl alcohol (IP A), and then blow-dried with nitrogen gas. 
After the initial cleaning procedure, the glass coverslip was heated for one minute on a 

25 hot plate at a temperature of 90°C to drive off the adsorbed water on the surface. 

The first step of the photolithography process immediately followed the 
dehydration bake. The glass coverslip was spin coated with a primer (PIO) to assist the 
adhesion of photoresist to the glass. The spin rate was 500 rpm for five seconds, 
followed by 3000 rpm for thirty seconds. Positive photoresist (AZ1512, available from 

30 Clariant Corp.) was then spin coated to the primed glass at 500 rpm for five seconds, 
followed by 3000 rpm for thirty seconds. 
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The glass coverslip was then prebaked on a hot plate at 90^C for three minutes to 
drive off the solvent in the photoresist, and to densify the resist after the spin coating. 
The glass coverslip was exposed to UV light for six seconds using an Oriel three-inch 
aligner through a mask, which has the array of designed heating elements. The design 
5 included narrow (30 |im) winding lines that formed the heating elements, and wide long 
lines with large contacting pads, which formed low resistance electrical contacts. After 
exposure the glass coverslip was soaked in a developer (MIF 300) for eight seconds. The 
developer solution only dissolved photoresist in the exposed areas. The glass coverslip 
was then rinsed with acetone and IP A, and blow dried with nitrogen gas. 

10 To perform the metal deposition the glass coverslip was mounted on a silicon 

wafer (used as a carrier). A clean pipette was used to place a droplet of AZ1512 
photoresist (acting as an adhesive) on top of a clean, three-inch silicon wafer. The 
photoresist was allowed to spread for ten seconds, and then the previously patterned glass 
coverslip was glued on top of the AZ1512 coated silicon wafer. The glass coverslip and 

15 silicon wafer were baked together on a hot plate for ten minutes at 100*^C to dry the 
photoresist and to ensure a strong bond between the glass coverslip and the carrying 
silicon wafer. 

The next step involved metal depositions and was performed in a vacuum CVC 
thermal evaporation system. A 100 Angstrom (abbreviated as A) thick chromium film 

20 was first deposited. One thousand five hundred angstrom thick gold film was then 
deposited to set the heater resistance to around 100 Ohms. Chromium film was used to 
enhance adhesion of gold to the glass coverslip. 100 A chromium was again deposited, 
this time to enhance the gold adhesion to the passivation layer described in the next step. 
To complete the pattern transfer the glass coverslip and silicon wafer were soaked in 

25 acetone for 120 minutes with ultrasonic agitation for 30 seconds. In this step the acetone 
dissolves the photoresist and thus releases the glass from the three-inch silicon wafer and 
the metal films which were deposited on the photoresist. Metal films, which were 
deposited directly on the glass substrate, remain. The substrate is then rinsed with IPA 
and blow dried with nitrogen gas. 

30 To complete the device microfabrication process, the glass substrate with the 

metallic heaters was coated with silicon nitride thin film that acts as a protection layer 
from environmental conditions such as high humidity. The contact area was covered with 
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Scotch tape and the substrate was loaded into a Perkin Elmer Randex 2400 sputtering 
system. The substrate was sputtered with nitride for forty minutes at a background 
pressure before sputtering of less than 4 micro Torr. The tape was then removed and the 
glass coverslip was rinsed with acetone and IP A, and blow dried with nitrogen gas. 
5 A temperature-responsive ppNIPAM layer was formed by plasma deposition 

using a plasma reactor connected to a 13.56 MHz radio-frequency power source. 2 g 
NIP AM monomer (Aldrich) was placed in a 100 mL glass flask. The flask was 
connected to a metering needle valve for monomer delivery rate control. The monomer 
flask was heated to 72-75°C to vaporize NIP AM monomer. The monomer delivery line 

10 was maintained at S3°C during the deposition process. After loading the substrates, the 
reactor was pimiped to the low 10"^ Torr range. The deposition process included an SOW 
methane plasma deposition (adhesion promoting layer), followed by NIP AM plasma 
deposition with stepwise decreasing powers from SOW to IW with a pressure of 100 
mTorr for five minutes and ten minutes, respectively. The ppNIPAM-grafted surfaces 

15 were rinsed three times with cold deionized water to remove uncrosslinked molecules 
before fiirther applications. The high power NIP AM plasma is to form strong crosslink 
with the substrate to prevent delamination. The low power NIPAM plasma is to preserve 
the side-chain fimctionalities that are believed to be the chemical origins of the 
temperature response. 

20 EXAMPLE 2 

This Example describes preferential binding of various types of animal cells to a 
temperature-responsive material. 

Reagents and Materials : 97% N-isopropylacrylamid (NIPAM) was purchased 
from Aldrich (Milwaukee, WI) and used as received. The cell culture supplies were 

25 purchased from Gibco Invitrogen Corporation (Carlsbad, CA) and filtered though 0.2 ^im 
filters before use. The cytotoxicity detection kit (Lactate Dehydrogenase (LDH) Assay 
Kit) was obtained from Roche Diagnostics Corporation (Indianapolis, IN). The 1,1- 
dioctadecyl-3,3,3'3*-tetramethylindocarbocyanine (Dil)-conjugated acetylated low-density 
lipoprotein (Dil-Ac-LDL) was purchased from Biomedical Technologies (Stoughton, 

30 MA) and the FITC mouse monoclonal antibody conjugated to a-smooth muscle actin 
from Sigma (St. Louis, MO). Polyethylene terephthalate (PET) was purchased from 
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Fisher Scientific Company (Houston, TX). Glass coverslips were obtained fi:om VWR 
scientific (West Chester, PA). 

Preparation of Temperature Responsive Layer : a temperature-responsive plasma 
polymerized NIP AM (ppNIPAM) layer was prepared by exposing 0.8 mm-by-0.8 mm 
5 poly(ethyleneterephthalate) (PET) substrate, tissue culture polystyrene dishes, or 
microheater chips to the vapor phase continuous NIP AM plasma as described in 
Example I . The ppNIPAM-grafted surfaces were rinsed three times with cold deionized 
water to remove uncrosslinked molecules before use. 

Cell Culture : bovine aortic endothelial cells (BAECs) (a generous gift fi"om 

10 Dr. Cecilia Giachelli, University of Washington, Seattle, Washington) were cultured in 
DMEM supplemented with 4.5 g/L glucose, 10% feted bovine serum (FBS), 0.1 mM 
MEM non-essential amino acids, 1 mM MEM sodium pyruvate, 100 U/mL penicillin and 
lOOmg/mL streptomycin. Primary bovine aortic smooth muscle cells BASMCs (a 
generous gift from Dr. Cecilia Giachelli, University of Washington, Seattle, Washington) 

15 were maintained in DMEM supplemented with 4.5 g/L glucose, 15% fetal bovine serum, 

1 mM sodium pyruvate, 100 U/mL penicillin and lOOmg/mL streptomycin. HEK-293 
cells were maintained in DMEM supplemented with 4.5 g/L glucose, 10% FBS, 
100 U/mL penicillin and lOOmg/mL streptomycin. BAECs and HEK-293 cells were 
between passages 3 and 10. BAECs used in the study were between passage 7 and 15. 

20 Cell incubation was performed at 37'^C in a humidified atmosphere with 5% CO2. The 
cells were dissociated from the culture flasks with trypsin/EDTA, washed with DPBS and 
resuspended in the respective culture media prior to the adhesion or patterning 
experiments. 

Cell Adhesion, Proliferation and Detachment : plasma polymerized NIP AM 
25 (ppNIPAM)-coated PET and bare PET samples were fit into 48 well tissue culture 
polystyrene (TCPS) plates. 1 ml BAECs, BASMCs or HEK-293 cells in either serum- 
free or serum-containing DMEM were seeded on ppNIPAM coated PET, bare PET or 
TCPS at a cell density of 5xl0VmL The plates were cultured at either 37''C or room 
temperature for 3 hours (BAECs and BASMCs) or 6 hours (HEK-293 cells). Half of the 
30 37®C incubated samples were transferred to room temperature and incubated for another 

2 hours to study the cell response upon temperature drop. The cell morphology was 
observed under a phase contrast microscope (Nikon TE200 Inverted Microscope). The 
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number of attached cells was determined using LDH assay, which is based on the 
principle of releasing the cytoplasmic enzyme LDH and measuring its activity in the 
supematant. Briefly, the samples with adhered cells were washed twice with DPBS and 
cells were permeablized with 500 |li1 1% triton-XlOO for 30 minutes. 100 fil of the 
5 supematant was transferred to a 96 well TCPS plate and mixed with the reaction solution 
for 30 minutes at room temperature. The absorbance of the solution was measured at 
490 nm using a SpectraCount™ plate reader (Packard) and fitted onto a standard curve to 
determine the number of cells on each surface. The number of attached cells at each test 
condition was plotted with 6 replicas. 

10 To test whether cells proliferate normally on the thermoresponsive polymer, 

ppNIPAM was directly coated on a 48 well TCPS plate. 1 ml cells were seeded at a cell 
density of 5x10"* cells/ml in complete media. Cells cultured on untreated TCPS served as 
a control. The cells were cultured at 37°C in a humidified atmosphere with 5% CO2 and 
observed every day under a phase contrast microscope (Nikon TE200 Inverted 

15 Microscope). To test the response of the confluent cell sheet to temperature drop, the 
wells with confluent cell sheets were rinsed twice with DPBS and replenished with 
serum-fi-ee DMEM at room temperature. The plates were left at room temperature for 2 
hours and observed. 

Cell Patteming : A ppNIPAM-coated microheater chip was prepared as described 
20 in Example 1 . A Teflon® chamber was built to hold the reaction solution only in contact 
with the side opposite to the metallic heating wires so that the heating wires were isolated 
from the electrolyte. To test the relationship between power input and surface 
temperature, a layer of thermochromic liquid crystal paint was applied on top of 
ppNIPAM on a test chip. 
25 Cell patterning was performed using BAEC and BASMC firom serum-firee media. 

400 1^1 BASMC suspended in serum-fi-ee DMEM was added to the chamber at a density 
of 2xl0Vml to promote confluent cell adhesion. One heater was turned on with 
determined power input for 3 hours. The chip was rinsed three times with DPBS and 
400 fil BAEC suspended in serum-fi-ee DEME was seeded at the same density with a 
30 second heater on for another three hours. The first heater was kept "on" during the whole 
process to prevent cell detachment. 
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Cell Staining and Fluorescence Microscopy : The cell-patterned chip was 
incubated with DMEM supplemented with 10% FBS and 4 ^ig/ml Dil-Ac-LDL at 37°C 
for 4 hours to label BAECs. BAECs specifically take up the Dil-Ac-LDL and store it in 
the endosomal granula. The chip was washed with DPBS and the cells were fixed with 
5 4% paraformaldehyde/0.1% Triton X-100 for 10 minutes. Then the chip was blocked 
with 1% BSA in DPBS for 30 minutes and reacted with an FITC-labeled-rabbit- 
polyclonal anti-bovine smooth muscle actin antibody at 1:100 dilution for 30 minutes at 
room temperature. The chip was observed imder a fluorescence microscope (Nikon 
TE200 Inverted Microscope). The double stained images were superimposed with 

1 0 software (Metamorph Image). 

Cell Adhesion : Cell adhesion on ppNIPAM coated PET, bare PET and TCPS 
were tested at either room temperature (below LCST) or 37°(above LCST). At 37°C, 
BAECs and BASMCs behaved similarly on the thermoresponsive and control surfaces 
after 3 hours incubation. Large number of cells were found to attach, adhere and spread 

15 on ppNIPAM, PET and TCPS from either serum-free or low serum-containing media 
(1% FBS for BAECs and 1.5% for BASMCs). However at room temperature, the effect 
of the ppNIPAM layer on cell behavior was immediately apparent. After 3 hours 
incubation at room temperature, adhesion of a great number of BAECs and BASMCs was 
again observed on TCPS and PET, while only few cells adhered on ppNIPAM at room 

20 temperature. Furthermore, when BAECs and BASMCs were first incubated at 37°C for 
3 hours and then cooled to room temperature for another 2 hours, spread cells on TCPS 
and PET had only minor morphological changes. In contrast, on ppNIPAM surfaces, 
most of the spread cells rounded up and detached from the surfaces after the temperature 
drop. 

25 To quantify the number of adhered cells, the surfaces were rinsed with DPBS, and 

an LDH assay was carried out. In serum-free or low serum-containing media, the number 
of adhered BAECs and BASMCs on TCPS and PET were fairly constant, regardless of 
the incubation temperature and temperature drop. On ppNIPAM, however, number of 
cells was an order of magnitude lower when the incubation was carried out at room 

30 temperature than 37°C. This was true of cells cultured in both serum-free and low serum- 
containing media. When 37°C incubated samples were removed to room temperature to 
incubate for another 2 hours, 70% or more of the cells came off from ppNIAPM. When 
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cell adhesion was tested with DMEM containing 10% FBS, the number of cells adhered 
at room temperature and 37®C was not significantly different on ppNIPAM. 

In serum-free or low serum-containing media, very few HEK-293 cells were 
found to adhere on any of the test surfaces. For this reason, subsequent cell adhesion 
5 experiments were carried out in DMEM supplemented with 10% FBS at 37^C and room 
temperature for 6 hours. The number of HEK-293 cells adhered on TCPS and PET was 
3 times lower at room temperature than at 37°C from 10% serum media. On ppNIPAM, 
the difference increased to a factor of 10. When 37°C incubated plates were brought to 
room temperature for 2 hours, the number of adhered cells on TCPS did not change 

10 significantly. In comparison, the number of adhered cells decreased by 68% and 50% 
respectively when ppNIPAM and PET were cooled from 37®C to room temperature. 

Cell Proliferation and Cell Sheet Detachment : BAECs, BASMCs and HEK- 
293 cells proliferated very similarly on TCPS, PET and ppNIPAM coated TCPS from 
complete media at 37°C. All three cell types reached confluence after 72 hours 

1 5 incubation on the three surfaces. The morphology of the cells was identical on ppNIPAM 
and control surfaces at confluence. When confluent HEK-293 and BAEC cells were 
transferred to room temperature, cell sheets were observed to come off immediately from 
ppNIPAM coated TCPS, but not from TCPS or bare PET, even after 12 hours at room 
temperature. 

20 Cell Patterning : Based on the drastically different number of adhered cells on 

ppNIPAM at below and above the LCST, a microheater array chip was made that 
included a temperatxire-responsive ppNIPAM layer heated by three separate microheaters 
to spatially control the phase transition and cell adhesion on the ppNIPAM surface. The 
microheater array used in this work had three independent heaters. The resistance of each 

25 heating element was measured to be aroxmd lOOQ. The chip was connected to a power 
source and contacted solution only on the side opposite to the metal layers. By 
monitoring with a layer of thermochromic liquid crystal paint, it was observed that 
50 mW input power was required to heat the ppNIPAM surface to 35°C - 40°C with 
400 jj,l buffer in the chamber. The surface heated up almost instantaneously when the 

30 power was supplied, and the heating region was localized to around the heater with very 
little expansion over time. As the heating area was restricted to directly on top of the 
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heating element, ppNIPAM transition to the non-fouling property was expected to be in 
the same localized region. 

The cell patterning was first tested with a single type of cells. After seeding 
BAECs on ppNIPAM-coated microheater array chip for 3 hours with two heaters 'on', the 
5 cells were stained with Dil-Ac-LDL and observed under a fluorescence microscope. Ac- 
LDL is specifically uptaken by viable endothelial cells, so it gives information about both 
the viability and localization of the BAECs. Localized cell adhesion was observed, 
which associated with the heaters that were turned on. The pattern shape resembled the 
heating area observed using the thermochromic liquid crystal paint. These indicated that 

10 localized cell adhesion W£is driven by a temperature-induced polymer property change. 

To pattem two types of cells, 400 |al BAECs and BASMCs were sequentially 
added into the Teflon® chamber with two different heaters being turned on in sequence. 
To prevent detachment of the first type of adhered cells, the first heater was left on during 
the whole process. BAECs and BASMCs were stained afterwards with molecules 

15 specific to cell types. Localized adhesion of the two types of cells was observed after 
staining. When a control experiment was performed with a microheater chip lacking the 
ppNIPAM coating, non-specific adhesion was observed all over the chip regardless of the 
heated or cold area. 

EXAMPLE 3 

20 This Example describes preferential binding of various types of proteins to an area 

of pNIP AM heated by a microheater. 

Surface Preparation : ppNIPAM grafted surfaces were prepared by exposing 

0.8 mm-by-0.8 mm PET or microheater chips to NIP AM glow discharge under 

continuous plasma, as described in Example 1. The ppNIPAM-grafted surfaces were 
25 rinsed three times with cold deionized water to remove uncrosslinked monomers before 

use. 

Protein Adsorption : Protein adsorption was performed using I'^^-labeled proteins 
at room temperature (23 ®C), or at 37°C, or through temperature cycles using citrate and 
phosphate buffered saline containing sodium iodide and sodium azide (CPBSzI, pH=7.4). 
30 1-125 labeled human fibrinogen (Enzyme Research), BSA (Sigma) and goat IgG (Sigma) 
were prepared using the iodine monochloride technique (D. Williams, Techniques of 
Biocompatibility Testing Volume II, CRC Press, Boca Raton 1986, pp. 184-212). 
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Radiolabeled proteins were added to unlabeled protein solutions to obtain a specific 
activity of 5 cpm/ng and final protein concentration of 0.03, 0.1 and 0.05 mg/ml for 
fibrinogen, BSA and IgG adsorption, respectively. Amounts of adsorbed proteins were 
calculated fi-om the retained radioactivity (corrected for background) and the specific 
5 activity of the protein solution. 

Fabrication of Microheater Chips and Patterning of Proteins : A ppNIPAM coated 
microheater chip was prepared as described in Example 1. The size of the heating 
elements used in this study was 1 mm by 1 mm. The resistance of the heating elements 
was around lOOQ, ppNIPAM was deposited as the functional layer on the side opposite 

10 to the heaters. To isolate the heating wires fi-om the electrolytes and reduce the 
consumption of expensive reagents, a Teflon® chamber was built to hold the solutions in 
contact with only the ppNIPAM-coated side. A layer of thermochromic liquid crystal 
paint was applied on top of the heaters to monitor the surface temperature at different 
heating powers. Protein patterning was performed by first adding 400 jal 0.05 mg/ml 

15 FITC-anti-BSA into the chamber, turning on one heater with 50 mW power supply and 
allowing protein to adsorb for 0.5 hours. The chip was rinsed 3 times with CPBS, 
followed by TRITC-goat-IgG adsorption in the same manner. 

Fluorescence Labeling of Proteins and Fluorescence Microscopv : Goat IgG and 
anti-BSA antibody were labeled with FITC and TRITC respectively before patterning 

20 using the FITC Protein Labeling Kit (Molecular Probes). Then the chip was blocked with 
1% BSA in DPBS for 30 minutes and reacted with a FITC-labeled-rabbit-polyclonal anti- 
bovine smooth muscle actin antibody (Sigma) at 1:100 dilution for 30 minutes at room 
temperature. The protein patterned chips were observed under a fluorescence microscope 
(Nikon TE200 Inverted Microscope). The double stained images were superimposed 

25 vsdth software (Metamorph image). 

Results of Protein Binding Studies : To test the temperature response of the 
ppNIPAM films, the 2 hour protein adsorption on ppNIPAM coated PET was measured 
using '^^I-labeled bovine serum albumin (BSA), IgG and fibrinogen at both room 
temperature (below the LCST) and 37^*0 (above the LCST). As shown in Table 1, at 

30 room temperature less than 25 ng/cm^ of BSA, IgG or fibrinogen adsorbed on the 
surfaces. At 37°C, the amount of protein adsorbed on ppNIPAM increased by eleven, 
nine and ten fold for BSA, IgG and fibrinogen, respectively, compared to that at room 
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temperature. The amount of protein adsorbed on ppNIPAM at 37°C was a little lower 
than that on the control PET surfaces, suggesting submonolayer protein coverage on 
ppNIPAM. Increase in protein adsorption as a function of temperature was noticed 
exclusively on the thermo-responsive ppNIPAM surfaces, but not on the control PET 
5 surfaces. There were 5 replicates for each data point shown in Table 1 . 

TABLE 1 





Fibrinogen 


IgG 


BSA 


ppNIPAM (R.T.) 


18±5 


22±5 


17±9 


ppNIPAM (37°C) 


185±9 


183±31 


191±18 


PET (R.T.) 


315±15 


450±57 


189±22 


PET (37°C) 


269±10 


347±49 


266±17 



To further assess the protein adsorption on ppNIPAM, samples incubated at room 
10 temperature and at 37°C were switched to 37^C and room temperature, respectively, and 
allowed to incubate for another 2 hours. The low adsorptive surfaces at room 
temperature became protein retentive by incubating at 3T^C, while the proteins adsorbed 
at 37^C did not detach from ppNIPAM when the incubation temperature dropped. These 
experiments indicated that protein adsorption on ppNIPAM is an irreversible process over 
15 the time frame of several hours. 

Protein Patterning Results : Protein patteming on the ppNIPAM coated 
microheater array was performed using FITC-labeled goat IgG and TRITC-labeled anti- 
BSA. The two proteins were added in the chamber sequentially with two different 
heaters turned on at 50 mW. Each protein was allowed to adsorb for 30 minutes. 
20 Preferential adsorption of each protein was expected to localize directly on top of the 
corresponding working heater. Site-specific adsorption of the two proteins was observed 
xmder a fluorescent microscope. 

EXAMPLE 4 

This Example describes the use of the present invention to discover drug 
25 candidates for treatment of diabetes based upon the known effect of the glucagon-like 
peptide 1 (GLP-1) to increase insulin secretion in pancreatic beta-islet cells (see, Miguel, 
J.C. et al. Biochemical Pharmacology 65:283-292, 2003). 
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A sample reservoir contains rat BRIN BDl 1 cells, cultured in RPMI 1640 media 
containing 10% fetal calf serum, 100 U/ML penicillin, 0.1 mg/mL streptomycin and 11.1 
mM glucose. All these media components are purchased from GIBCO Life 
Technologies. A micro-fluidic stream of cells from the sample reservoir is loaded into an 
5 array chamber, followed by raising the temperature to 37°C only in the array zones where 
it is desired for cells to attach. Following adsorption of the cells, unbound cells are 
washed off the rest of the array with cell-free RPMI media. A second set of different 
cells, such as the human pancreatic beta-islet cell line MIN6 are thermally localized to 
different zones in the array. Each of these cell types includes the GLP-1 receptor. 

10 The mixed cell array is treated in sequential fashion with candidate agonists, or 

antagonists, of the GLP-1 receptor. The candidate molecules (hereafter referred to as 
drugs) are conteuned in separate sample reservoirs in the microfluidic stream. The drugs 
can be dissolved in either serum-free RPMI medium or, in order to assess the 
bioavailability of the drugs to the cells due to serum protein binding, RMPI supplemented 

15 vsdth 10% fetal bovine serum. Following incubation with the drug for the appropriate 
time, the cells are cultured at 37^C, followed by analysis of insulin expression either by 
staining the entire array vsdth anti-insulin antibodies to detect a decrease in insulin 
secretion, or by hybridization of the entire array with DNA probes for insulin RNA 
expression. By these means, the effect of the drug on the different cell types provides 

20 critical information pertaining to the specificity of the drug. This specificity can be 
ascertained further by inclusion of non-GLP responsive insulin secreting cells, which can 
be created by silencing the GLP-1 receptor in the cell lines through genetic engineering, 
or pre-incubation with GLP-1 receptor antibodies. Of great benefit to these types of 
studies is the use of very small micro-heater arrays (e.g., 50 square microns) that localize 

25 single cells. Typically, cellular drug-sensitivity assays are confounded by having, in a 
population of clonally selected identical cells, varying sensitivity to the drug. This 
variance makes it difficult to compare precisely the potency and metabolism of a given 
compound. Separating the population into single cells, affords a significant enhancement 
to the power of the analysis. 

30 By using the thermally-controlled cellular array, in this fashion, the system 

enables the precise detection of more potent and selective synthetic low-molecular weight 
synthetic drugs agonists of GLP-1 that promote insulin secretion in diabetics. 
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EXAMPLE 5 

This Example describes the use of the present invention to discover, or optimize, 
drug candidates that specifically inhibit the interaction of FOXOl and PPARGCl 
transcription factors that are believed to be involved in the development of type II 
5 diabetes. 

Many diseases have aberrant signal transduction pathways that contribute to 
altered gene expression and development of pathologic states in tissues and cells. It is 
common for these signaling pathways to involve the binding of protein pairs in the 
cascade of events that ultimately changes the profile of gene expression in the cells of 
10 diseased tissue. Of particular interest are the interactions of sets of transcription factors 
that, upon differential degrees of phosphorylation, form specific combinations of separate 
proteins into assemblies that can bind differently to exposed regions of DNA and control 
gene expression. This aberrant signaling is at the root of many multifactorial diseases, 
such as diabetes. 

15 The release of glucose firom glycogen stores in the liver is normally suppressed by 

insulin but is inappropriately activated in diabetes (Puigserver, P. et al. Nature 
¥2i(6939):550-5 (2003)). It has been proposed that two intracellular proteins, the fork- 
head transcription factor (FOXOl) and the peroxisome proliferative activated receptor- 
gamma co-activator 1 (PPARGCl) cooperate to promote a pronounced insulin-controlled 

20 production of glucose in the liver. Suppression of this interaction would correct a major 
defect in diabetes. 

To discover or optimize drug candidates capable of specifically inhibiting the 
interaction of FOXOl and PPARGCl, an array is created by applying a stream of 
solution of Dulbecco's phosphate buffered saline (DPBS) containing either FOXOl or 

25 PPARGCl, in a pattem produced via control of the temperature in each zone of the array. 
Following washing of the array with protein-fi-ee DPBS, to remove unbound protein, the 
other partner of the protein pair is introduced in the presence or absence of the drug 
candidate. If the drug is capable of inhibiting the binding of FOXOl to PPARGCl, then 
the second protein (FOXOl or PPARGCl) will not bind to the thermally-pre-adsorbed 

30 partner. Following incubation, the entire array is washed and immimostained with 
FOXOl and PPARGCl antibodies to detect the specific binding of the proteins. Control 
zones in the array are created to be devoid of protein, or to contain a different protein that 
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does not bind FOXOl or PPARGCl. In this way the specificity and integrity of protein- 
pair binding is determined. 

This approach can be extended to include transcription factor complexes that 
involve more than two proteins to assemble into a fully functional molecular assembly. 
5 The thermally-controlled array is especially useful to assemble these complexes under 
precise control one protein at a time. Thus, drug candidates can be screened that inhibit 
the precise three-dimensional structure that is only present at the time of assembly. Such 
studies of protein dynamics are difficult to perform in solution. They are made possible 
by the ability of the thermally-controlled array system to isolate temporally and spatially 
10 the assembly of multi-component protein complexes. 

While the preferred embodiment of the invention has been illustrated and 
described, it will be appreciated that various changes can be made therein without 
departing from the spirit and scope of the invention. 
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